A comparative study of metal oxide nanoparticles embryotoxicity using the embryonic stem cell test Abstract: Many in vitro studies demonstrated that metal oxide nanoparticles like zinc oxide and titanium dioxide are versatile platforms for industrial and biomedical applications. In this paper, investigation of the embryotoxic potential of these nanoparticles using the Embryonic stem Cells Test (EST) was evaluated. The EST is a validated in vitro toxi city test used to predict embryotoxicity of soluble chemical compounds, which only recently has been applied to nanoparticles, demonstrating its suitability also in nanotoxicology. Through such test, we were able to classify zinc oxide nanoparticles as not embryotoxic, while titanium dioxide nanoparticles appeared to be weakly embryotoxic.
In recent years, hazard and risks of engineered nanoparticles (NPs) for the environment and human health have been extensively debated. Nanoparticles, that present at least one dimension in the range of 1-100 nm, have attracted a large scientific interest as their chemicalphysical properties make them excellent candidates for the development of nanotechnology. In fact, NPs have numerous applications in biomedicine, electronics, consumer products and other fields. Nanotoxicology investigates the toxicity of engineered NPs coming in contact with biological systems. Depending on size, shape, composition and structure, several studies have demonstrated that NPs could affect cellular functions and are capable of penetrating physiological barriers to reach vital organs [1, 2] . In addition, evidences suggest significant toxicity associated with many of the NPs currently in use [3] . The aim of the present study is to investigate and compare the embryotoxicity of two metal oxide engineered NPs, zinc oxide (ZnO) and titanium dioxide (TiO 2 ), utilized in a wide range of medical and industrial applications, by using the Embryonic stem Cells Test (EST) [4, 5] . This is an in vitro toxicity test able to predict embryotoxicity of soluble chemical compounds and recommended by ZnO and TiO 2 NPs were first dispersed in BSA-ddH2O (2.56 mg/mL) and then sonicated using a probe sonicator (Branson Sonifier 150) for 4 min on ice, immediately before making the appropriate dilutions in culture medium. b As reported in [7] . nd, not determined. For both cell lines cultures and for mES cell differentiation into EBs, standard protocols were followed, according to our previous study [6] and to the EST guidelines [4] . Values are means ± standard error of at least three independent experiments.
we have applied the EST protocol to two metal oxide NPs, each of them prepared in two different forms ( Figure 2B ). About the effect of NPs on mES differentiation into contracting EBs, both ZnO NPs were efficient only at concentrations > 10 μg/mL and no contracting EBs were detected at 20 μg/mL, while TiO 2 NPs effects were already seen at concentrations ≤ 10 μg/mL ( Figures 1C  and 2C ). The EST algorithm classified the two types of ZnO (NM-110 and NM-111) as "not embryotoxic" while the two types of TiO 2 (NM-103 and NM-104) were classified as "weakly embryotoxic." Our in vitro results suggest that the direct contact of either ZnO NPs with embryonic tissues does not interfere with differentiation, irrespective of the coating. Regarding both TiO 2 NPs, our results suggest that they may act as weakly embryotoxic agents in mammals. Until today, possible adverse effects of NPs on embryonic development are still poorly investigated, although the possible trans-placental transfer poses a threat [8] . In this respect, further studies are needed in order to clarify the potential risk of maternal exposure to NPs. Particularly, it would be mandatory to have information on placental permeability during the complex and dynamic process of pregnancy. In this study, for the first time, we have investigated the ability of ZnO and TiO 2 NPs, commonly used in a wide range of applications, to interfere with embryonic development using the EST. Such test is a validated in vitro test designed for predicting embryotoxicity of soluble chemical compounds, which we have previously demonstrated can be extended to the analysis of nanoparticle suspensions [6, 9] . Through the EST, we have been able For both cell lines cultures and for mES cell differentiation into EBs, standard protocols were followed, according to our previous study [6] and to the EST guidelines [4] . Values are means ± standard error of at least three independent experiments.
the IC 50 value determined. For calculating the ID 50 value, mES cells were cultured under differentiating conditions to form contracting cardiomyocytes in the presence of NP concentrations ranging from 0.5 μg/mL to 20 μg/mL. For each tested nanoparticle, an evident decrease of mES cell viability was observed above the concentration of to discriminate the weak embryotoxic TiO 2 NP from the not embryotoxic ZnO NP, irrespective of the two different forms tested for each metal oxide. However, in the evaluation of the reported results, it has to be considered that ZnO NP undergo fast dissolution [7, 10] , with consequent release of Zn ions. It has been reported that 50%-60% of the ZnO NP are dissolved in the cell medium after 24 h [7] . This could determine a short lived toxicity for the ZnO nanoparticles that is not observed for TiO2 NPs, which display longer term toxicity.
In conclusion, if in vivo data will support our in vitro observations, it will be a further indication that the EST might represent a valid alternative to animal experimentation also in the field of nanotoxicology, and might be exploited for regulatory purposes.
